
Discharge Ratings and Shifts 

 
A. Thomas Ruby III  

Indiana/Kentucky Water Science Center 

U.S. Department of the Interior 

U.S. Geological Survey 



Stage/Discharge Relationship 



What is needed for an Stage/Discharge site? 

 Site Selection!!!! 
 Site is relatively parallel and uniform 

 Near the region of max velocity free from any boundary 

effects 

 Stream is straight for 300ft or 5-10 channel widths 

 Located 5-10 channel widths US or DS of any tributary 

 Total flow is confined to 1 channel 

 Streambed is not subject to scour and fill 

 Able to measure discharge at all stages 

 Easily accessible for installation and O&M 

 Free from air entrainment 



Data Collection 

 Compute 

discharge from 

stage and 

cross-section 

area 

 

 Q = VA 

 

 A = w x 
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Data Processing 

Rating Curve 

Discharge Measurements 

Discharge measurements are used to develop rating curves 



Data Processing 

Discharge must be measured at all stages 
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Data Processing 

 Ratings are never that simple! 













Gage Height = 0.62 feet 

Discharge = 5.4 cubic feet per sec 



Control 



Section Control 

 Rock Riffle 

 

 Weir 

 

 Beaver Dam 



Section Control 

 Identified by a break in the water surface 

downstream from the gage. 

Rock Riffle Control 

Flow Direction 

Water Surface 



Channel Control 

 Contained within 

the normal banks of 

the channel 



Overbank Control 

 Flow into the floodplain 



Data Processing  

Overbank 

Channel  

Control 

Section Control 

The shape of a rating is controlled by the channel and it’s 

features. 



Data Processing 

 Temporary 

changes to the 

control dictate 

shifts 



Data Processing SHIFTs 



Determination of shift from discharge 

measurement. 

Compute percent difference from 

rating:   
 

measured rating

rating

Q Q
100%

Q

 
 

  

Compute shift:  
Example: 

Qmeasured = 7.5 ft3/s  

Gage height (GHQ)= 0.89 ft  

Gage height from rating (GHRating) = 0.95 ft 

Computed shift = +0.06 ft 

Rating QGH GH



Interpretation of a positive computed 

shift. 
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GHQ=0.89 ft 

The gage height (GHQ) = 0.89 ft.   

For this gage height the rating table indicates that the discharge 

should be 6.8 ft3/s.   

Discharge measured = 7.5 ft3/s. 

The rating table says 7.5 ft3/s  is associated with a gage height 

(GHRating) of 0.95 ft . 

The computed shift = +0.06 ft. 

The control scoured ~0.06 ft. 

GHrating=0.95ft 



Interpretation of a negative 

computed shift. 

----- 

--- 
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--- 

GHQ=0.89 ft 

The gage height (GHQ) = 0.89 ft.   

For this gage height the rating table indicates that the discharge should be 

6.8 ft3/s.   

Discharge measured = 5.7 ft3/s. 

The rating table says 5.7 ft3/s  is associated with a gage height (GHRating) of 

0.80 ft.  

The computed shift = -0.09 ft. 

The control filled ~0.09 ft. 

GHrating=0.80ft 



Data Processing SHIFTs 



Data Processing SHIFTs 



Data Processing SHIFTs 



Computed shift values and the rating curve. 

1.14 

1.24 

+0.10 ft shift 

1.35 

1.21 

-0.14 ft shift 



Shift curves and the rating curve. 

0.11 ft 

Transition 



Variable Shift Diagram (V-diagram). 



Proration of shift curves. 



Shift curves, the rating, and the gage height record. 

7 
6 

5 

3 
4 

2 

-.02 -.04 

+.03 

-.06 

-.02 

0 

-.10 

DISCHARGE 

G
A

G
E

 H
E

IG
H

T
 

1 

G
A

G
E

 H
E

IG
H

T
 

TIME 



Development of shift curves. 
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Application of shift curves to gage height record. 
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-0.04 shift 



How does this translate to the data 

on the web? 

 Seamlessly 

 

 If a shift is added correctly, the web shows 

the data with the corrected values. 

 

 If a shift wasn’t applied the measurement will 

look like it’d not in line with the data. 



Example of either a shift applied or 

no shift needed 



Example of either a shift applied or 

no shift needed 

Measurement is in-line with data 



Example of either a shift not applied 

but needed 



Example of either a shift not applied 

but needed 

Measurement is off with data 



How can you determine if a shift was 

added? 



How can you determine if a shift was 

added? 













Questions? 


